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SUMMARY 


4n experimental investiestion of the relative effective- 
ness of several baffle tynee in vromoting velocity and temperature 
mixing of « cold alr stream concentric with « hot gas stream, has 
been conducted. Based on a ratic of centerline mixing attained to 
preszure drop resulting, only one baffle type, that of stub wings 
projecting into the mixing chamber, proved more effective than a no- 
baffle configeration. Inoring vreseure losses, however, screen- 
type baffles produced better velocity mixing, tut very poor 


temerature mixing. 


Based on velocity potential core lengths (the axial 
distance the het central gens minteins its initial welocity) and 
comparing with known results for isothermal velocity mixing, the 
effect of compressibility, contrary to other invest: getors, sppears 


to be an improvement in velocity sixing. 


That temerature aiffuses more rapidly than velocity, 
when baffles do not obstruct the flow, a conclusion reached by 
several other experimentors, is verified by the single baffieless 


configuration tested. 


The investiention wae conducted under the auspices of the 
Meche nical and Aeroneutical Engineering Departmente of the University 
of Minneeota in vartial fulfillment of the reeuiremente for the 


desree of “aster of Science. 
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LIS? OF SYMBOLS 


Memeter of primary jet nozzle, inches. 

Value of X/D for end of potential core. 

Static pressure, inches of water. 

Dyneaie pressure, inches of water, = +/ ¥* 

Radial dietance from jet axis, inches. 

Radius at which ¥ (or T) is halfway between ¥ (or 7) 

at axie and that of secondary stream. 

femmernture, °F, at any point in mixing region. 
Temeratare, °F, on axis, at a given %. 

Temperature, °F, of primary stream at 4 3 0. 

Temeratare, °F, upstream of primary orifice plate. 
Temperature, °F, upstream of secondary orifice plate. 
Timeeaverage velocity in axial direction at any point. £t. 
Velocity on axis at a civen X, ft./sec. ain 
Genterline velocity of primery stream at % =O, ft./sec. 
Velocity of undisturbed secondary stream, ft./sec. 

Axial distance doventreas from nozzle exit, inches. 
Lateral distance from nozzle centerline, inches. 

Velocity ratio = u,/u,. 

Pressure drop across primry flow orifice, inches water. 


Pressure drop across secondary flow orifice, inches water. 
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TeTRODUCTION 


Propsr mixing of fluids under various conditions is 
important in that the design of such iteme as combustion chasbers, 
Mixing tanks, jet pusps, and thrust augmenters, depend to s great 
extent on obtaining or preventine mixing of finide. In varticular, 
according to Gedsey and Young (Ref. 1): 

Although nonuniformity of temperature distribution 

may have only small effect upon cycle efficiency, it is 
essential thet good mixing be obtained in order to avoid 
undesirable stratification in the gas flow entering the 
turbine Dlading. Uxcansive stratification can result in 
local hot spote in which permissible temperature Limits 
may be exceeded by several hundred degrees. 

According to Hef. 2, the mixing of gas streams can be 
accomlished by several methods as follows: 

{A} Mixing by molecular diffusion across boundaries of the 
streams. (Laminar Flow). 

(3) Mixing by random turbalence. 

(¢) Mixing by induced turbulence: 

(1) Ssfflee or obstructions in joined streams. 

(2) Cross flow of streans. 

(3) Stirring jet. 

(4) Interleafing. 


(5) Elbow in joined streaas. 


Of the above, (A) is far toe slow to be of practical 


sienificance in combustion chamber work, and (5), while eventually 
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effective and considerably faster than (4), would require an 
exeeseively long secondary gone. (C), while most rapid and 
effective, involves larger pressure losses than either of the 
other two. Some phases of (C) ere amenable to analytical solution: 
the preseure losses associated with the mixing of the two streams 
are functions of the momenta of the streams, but the penetration 
end mixing of a colé air stream into a hot stream introduces 
density ang other property changes in the fluid which complicate 


the problex. 


Numerous investigators have studied the problem of mixing 
from doth the theoretical and experimental viewpoint; various 
combinations of the variables invelved in mixing, such as initial 
temperatures, initial velocities, with or without secondary soving 
streams, turbulence levels, and "turbulence promoters® have been 


utilised in teste. 


4ccoréing to Ferrari (Ref. 3), the important concert of 
mixing leneth, 1, is analogous to the solecular mean free path in 
the kinetic gas theory. Mixing length 1 may be defined as the path 
normnl to the lines of flow which the particles can trace out and 
still maintesin their individuality, 1... without assuming the 
physical charactoristics of the medium in which they are immersed. 
Prandtl snd his associates aseume that throughout the path 1 each 
fluid particle maintains ite momentum. Taylor objects hewever, and 


seys thet the inetantaneous preseure differences may cause the 
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velocity of displeced particles to wary, and therefore it is more 
logical to agsume thet if is the vorticity, upon which the 
iastantanecus pressure distributions Inve no effect, that is 


maintained constant. 


Shapiro and Forrestal (Ref. 4) and Cleeves and Boelter, 
(Ref. 5) present excellent tabuler summaries of the theoretical 
and experimental work accomplished in the fluid mixing problem. 
Seuire (Hef, 6) hes outlined the various theoretical approaches to 
the mixing problem. Forrestal and Shapiro besed their *Momentum 
and Mase Transfer in Coaxial Gas Jete® (Ref. 4) on the work of 
Squire and Trouncer (Ref. 7), ané arrived at several important 


results and semi-empirical equations to define the mixing gone. 


Stanley Gorrsin has prepared several papers on the study 
of jet flow, utilizing a primry flow in motion but « stationary 
‘receiving fluid, temerature and velocity profiles being obtained. 
(Refs. 8, 3, and 10). He concludes that temersture diffuses more 
repidly than velocity. (Ref. 8). That heat diffuses more rapidly 
than velocity is vevified on 2 oqunlitative basis by the modified 
vorticity-transfer theory, whereas the momentum transfer approach 


preducee identical curves for velocity and temersture distributions. 


A vecent investigation by Ruege and Klug (Hef. 11), that 
included an experimental study of the temperatare mixing of priaary 
flame gas and secondary air. produced several interesting conclusions. 


Ruege and Klug found, in ceneral, a conetant potential core length 
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for temperatures regardless of velocity ratio. They aleo indicate 
thet the effect of compressibility is to retard mixinz. In 
addition, verification of the faster diffusion of temperature in 


comparison to velocity ie found. 


The effect of various baffles placed in the streams of 
movine snees in order to induce turbulence te promote mixing has 
also been investigated to some extent. (Hef, 12, 13, 14, 15, 16, 17). 
The California Institute of Technolocy conducted several experiments 
te determine the mixing resulting from the use of variously shaped 
holes to introduce secondary air into the primary stream in a 
combustion chamber. It was found that slight chenges in the shepe 
of the holes reduced pressure drop scross the holes about thirty 
percent without any eppreciable effect on the mixing (ef. 17 and 18). 
Folsom and Ferguson (Ref. 14) found that a propeller was more 
effective than jets in promoting mixing of liquide in « lerge tank. 
Ra, Le larson (Sef. 12) found that a spiral placed in refrizerant 
evaporator coils, when using Freon 12 as the fluid, produced 
turbulence, te eunae neuclerates heat transfer, with a lower 
pressure drop than other types of baffles tested. The samo result 
had previously been found by Seigel when a licuid was used as the 


fluid (Sef. 13). 


Thue it may be seen from this brief introduction that 


the mixing and turbulence problem is not an untouched one: on the 


contrary, the ample literature on the subject, with many 
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investigetors seemingly in disagreement with reeults of other 
investigators, indicates that experimental means mast generally 
be utilized to predict adequete mixing, with as short a mixing 


chamber length as possible, and with minimum pressure drop. 


This latter statement, then, broadly defines the 
problem studied in this experiment. In particular, the relative 
effectivenses of various baffle arrangements in promoting mixing 
of a hot gas with cold air, under ateady flow conditions, is 
investigeted by means of temperature and velocity surveys of the 


mixing region. 
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Fisere 1 is e schematic diagram of the spparatus used in 
thie investigation. fhotcgraphs of the equipment components are 


Pigures 2q4 to 2f, inclusive. 


The apparatus consisted of a dual air supply systen 
capable of supplying sir to primry and secondary lines. Messure- 
ment of the two mse rates of air flow was accomlished through 
standard A.S.%.%. equareeedsed orifices with radius preseure taps, 


in accordance with Hef. 19. 


The primry flow, supplied by the building sir compressor 
system, passed through a two tech standard pipe to a rectanguler 
a by ah" stainless steel “heater box* which wis supplied with — 
acetylene gas for combustion in the excess primary air in order 
to heat the primary sir. The heated excess air and prodacts of 
combustion left the heater box through a emll section of two inch 
pipe which was then reduced to a one inch inside diameter pipe 
‘through ea standard 90 degree reducing elbow. The one inch line then 
pasted through a small circuler “adepter® tank, one end of which 
was connected te the round secondary air flow line and the other 
end to the square pre-test section. The primery line then ejected 


inte the center of the test section as « free jet. 
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Phe aseoondary air, supplied by an engine driven compressor 
in the test cell, exited from the compressor through « manifold to 
a 6° diameter pine which was bolted to the circular adapter tank. 
The air then exited from the adapter tank to the square pre-test 
section where an 18 mesh wire screen was placed across the flow 
(end around the vrimry line) in order to assure as uniform a 
turbulence distribution (isotropic) as possible. The secondary 
air then flowed into the square test section, surrounding and 


soneentric with the primary air. 


I¢ should be noted that althoush two small turnbuckles 
to support snd adjust the primury pipe were located about one inch 
downetream of the wire screen, there were no obstractions to the 
flow of primary or secondery air for a distance of about 13 inches 
prior to the test section zero point, loested at the end of the 
prisery line. A six degree taper on the outside wall of the primary 
line at its free end, we used to prevent excessive separstion, 
with resultant eddies in the flow, as the sescondary air passed by 


the ené of the primary pipe. 


The test section iteelf consisted of a six inch square 
erossesection, 7 ft. 4 inch lone duct, sonetreected on three sides 
of 16 gauge sheet metal, and on the fourth side of twelve inch 
long, 18 gauge sheet metal eliding panels, which rode in grooves 
to give a tight fit. This sliding panel crrancement was neceseary 


in order to lonzitudinglly position the four inch lone sheet metal 
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measuring plete, which contained a total head tube, static pressure 
tep, and an iron-constentan thermocouple, in the test section as 
desired. The usable length of the test section (from the point 
where the primary line ended to the duct exit) was 73 inches. ‘The 
end of the duct was open, but « large sheet setal "funnel* 
effectively collected the warm gases and passed them to an 


exhaust manifold to be handled by the test cell exhaust systen. 


The primary air was supplied by permanent compressor 
installetione located in the Mechanical “ngineering Building. ‘The 


basement unit stored air in a 30 ft.” 


tank at a pressure of 100 pei... 
and the emaller dynamometer room unit supplemented the basement 
supply when the pressure dropped below 80 psi. Control of the 
primery eir was accomplished by use of a gate valve located 

upstream of the heater box and primary messuring orifice. An 


extension on the valve handle permitted contro] to be exercised 


at the test section iteelf. 


The secondary air was obtained from a permanent 
installation located in the turbine test cell of the Mechanical 
*nglneering Department. A gasoline powered Lycoming Model 0-425-7 
air cooled Army tank engine, rated at 162 H.P. at 2800 rep.ties 
drives a centrifugal comressor. The compressor is a 7.48:1 gear 


Yatio gsupercharger taken from an Allisen Y-1710 Aircraft engine. 


~ ill « 


Slower speed can de accurately controlled by throttling the 


engine. (See Fig. 2a). 


An iron-constantean thermocouple and « ¢tandard 4.5.%.%. 
squere-edged orifice is mounted upstream of the blower inlet to 


permit mass rate air flow calculations. 


The furnishing of an adequate and dependable supply of 
heat for the corimary air tarned out to be «a problem. At first it 
wae desired te use electrical energy to heat the sir eo that 
products of combustion would not be one of the mixing sasee and 
becauee this soures of heat is easier and cleaner to handle. 
Hence, two different 220 volt electricsi heating units were 
constructed, one using nichrome wire "Glo-Coile" eeress the flow 
and the other using individual nichrose wire coils in hollow 
porcelain tubes parallel with the flow, both unite coneisting of 
ten cireuits connected in parallel. Zoth unite burned out after 
about ten minutes operation at the required scrimary snes flow 
rates. The nichrome wire itself burned or broke in both cases. 
Sufficient data was not cdStained using the electrical heaters and 


all data reported herein was obtained using a combustion type heater. 


It was decided that, in view of the limited experimental 
accuracy poaesible with the equipment available, there would be no 


signifiesnt errors introduced ints the investig-tion by using hot 


+» 12 « 


gases of combustion with excess air as primary flow, instead of 
jast pure heated «ir. Hence s combustion tyse heater box was 
designed end constructed. See Fig. 2b. A fourteen inch long 
stainless steel box of a in. by ab in. rectangular cross 

section was flanged and coupled into the primary line downstreas 
of the primary mesesuring erifics. 4 3/8 inch eteel pipe was 
inserted acrose the heater box, one ont being connected to an 
acetylene euprly line and the protruding end being capred. “ive 
6.0520 inch diemeter holes, one inch avart, were drilled in the 
downstream side of the fuel nine to admit the ens. ignition ef 
the acetylene-sir mixture was accomplished by a 11-VYoltage Nerness 
fester (P.¥.4. 2687) operated sperkplugz, the spark gap being 

_ lotated 3 inches downstream end level with the center fuel hole. 
Seeides the Kigh and low preesure valves snd pressure gages on the 
acetylene tank itself, located outside the test cell, thers were 
two other valves on the acetylene line. One, s solenoid ssnnieek 
valve, was located at the tank engine control panel, and the other, 
& hend overated valve in the copper acetylene line, wee located 


at the test section for emergency use only. 


Combustion in the heater box arpeared excellent, and 
the temperature used in the experiment was by no means the maxime 
possible. A temperature of 500 to 550 degrees Fahrenheit for the 
primary air at the besinninge of the mixing region was chosen a6 


cespromise between the need for lower teaperatures fer esse in 
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handling test equipment, and the need for a temperature hot enough 
to give good measurable temperature differences between primary and 
eecondary air, et the beginning of the mixing region. Acetylene 


mass flow wes estimated to be about 1/400 of primry air flow. 


The total pressure in the test section wis measured by e@ 
6.028 inch 0.9, tetal head tabe of the Eiel type, which had ea 
Venturi shield surrounding the tube tin to insure flow normal to 
the 0.017 1.3. tube opening. ‘The pitet tube shaft was a } inch 
0.9. brase tube which was mounted in an 18 gage four inch wide 
sheet metal sliding penel through a leskproof packing glend. ‘The 


panel alee contained a 1/8 inch static pressure orifice. 


fo simultaneously measure the temperature and the totel 
pressure at any chosen point, it was necessary te use 3. and 5. 
2% gage Lron-constantan sharnscounie wire. 4 etall hole was drilled 
in the pitot shaft about one inch from the Kiel tube end, and 
another hole was drilled in = small piece of copper tabing soldered 
onto the outer end of the shaft. A very emall thermocouple bead 
was made on the inner end of the thermocouple wires (using a mercury 
pool electrical resistance method) and the bead was dipped in 
molten silver to pessibly reduce radiation leeses. The ends of 
the thermocouple wire were then led inte the upper drilled hele, 


through the pitet shaft, and back out the lower hole. After 
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positioning the bead directly behind but about + inch downstream 

of the rear of the Venturi shield, the two lead in holes on the 
shaft were carefully cemented with Sanereieen electric resistcr paste 
cement number 78 to prevent any air leakege. The thermocouvle leeds 
were run to 2 rotary tharnceneple switch at the test cell ecatrol 


panel. 


Rubber and copper tubing carried the totel pressure from 
the Kiel tube shaft to one side of a water-filled welletyne manometer 
located at the control panel. ‘The static pressure tap was led te 
2 Valve at the control penel which, in one position, plisaced static 
pressure in the test section on the other side of the manometer 
mentioned above, so that the dynamic pressure “o* was availeble; 
the static preesure valve in the second position pat static pressure 
on one side of an inclined water-filled menometer, the other side 
being open to the atmosphere. Thus, totel static, or dynamic | 
pressures were availeble for any position of the measuring probe. 
The static pressure wes aggumed conetent seross the test section 
#t any point. in accordance with accepted theory and practice. 
Seadings obteined with the teet Kiel tube were checked against 
readings obtained by 2 iarger, unobstructed tube, and szreement 


was @atisfactery. 


The primery aiv was setered by an A.S.H.5. standard 
square edged orifice plate located between 2 90° elbow following 


the gate valve and the heater box. ‘The Alaneter of the orifice 
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was machined to 1.018 inches, giving a ratic of orifice diameter 
to pipe diameter of 0.568 inches. One-fourth inch radius tape for 
measuring the pressure drop A “> across the orifice were in 
eaceordance with 4.5.4.2. standards. An iron-constantan thermocouple 
was inserted 47 inches upstream ef the orifice. Copper tubing 

was used to connect the preresure taps across a water fliled well 
type manometer, and the upstream tap wae aleo connected te a 
mercury filied well-type manometer to provide upstream static 
preseure measurements. These two manometers were located in the 
test cell, nesar the test section, eo thet the primary air could be 
kept ata desired flow rate by the operator at the test section. 
See Fig. Ze. The thermocouple leade were led out to the rotary 


switch at the control panel. 


Secondary air was aleo metered by an A.5.%.%. standard 
sguere edzed orifice plate with radius tans and an iron-constantan 
thermocouple. Thies orifice dismeter measures 5.600 inches, ond, 
located in an eight inch diameter duct, the diameter ratio is 0.7. 
This orifice plate is a permanent inetellation for the blower and 
was already in place. ‘The pressure drop across the orifice was 
measared on s welletype water filled manometer locnted at the 
control panel. The thermocouple leads were also led te the 


rotary ewitch at the panel. 


One other iron-constanten thermocouple was meade and . 


used te meacure the primary sir temereture at a point sbout 
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35 inchee upstream of the beginning of the mixing region. This. 
temperature reading was necessary in order to monitor the 
operation of the heater unit. It was thie thermocouple, in fact, 
that first gave indications of the approaching failure of the two 
discarded electrical heater units. The leads from this thermo- 


couple were aiso taken te the rotary switch at the control panel. 


& Leeds and Northrup Potentioneter Indicator was 
connected to the rotary switch at the panel, and temperatures, 
in degrees Fahrenheit, were read directly on the indicator according 
to the chosen ¢witch position. The low senle, with divisione for 
each two degrees of temperature, was used for all readings below 
600° F, Gee Pig. 24. 


BAPELES 


A total of three beffling systems were made and placed 


at various positions in the mixing region. ‘See Fig. Ze 


The airfoil baffle system conelated of four hand-made 
stub wings, chord of one inch, sren of ok inchee, Clarke¥ section, 
nc twist or taper, rectangular tips, and made of stainlese steel 
with a 3 in. thick flange at one end for mounting. ‘The wings vere 
mounted at an angle of attack of 10° in » square steel bracket 
(14 in. wide ané 4 in. thick) thet just fit the perimeter of the 


test section. The chord lines were parallel with the flow, and 
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the free tips of the wings were long enough to just meet the 
extended boundary of the one inch prim ry pipe. %ee Fig. Of. 

The chosen angle of atteck was a compromise between the necessity 
for large engle for high Lift ond hence large tip vortices to 
promote mixing, end the need for low angle of attack for smell 
drag, and consecnently lees preseure drop acrose the beffle. 

Serews were used to secure the bracket in the test section at three 
different positions. The upstream edges of the 1/8 inch thick 
bracket were slightly rounded so that es little disturbance «as 


possible would be caused by the bracket itself. 


The sereen baffling system consisted of two layers of 
16 mesh copper wire sereening, mounted on either side of the equere 
bracket ueed for the airfoil syetem. Thus, in effect, sereening was 
pleced scross the mixing region at two pointe, 14 inches apart, for 


each of the three positions of the baffle systen. 


The third baffle system was 2 combination of the two 
described sbove, the screens being pleced around the bracket after 


the wings were mounted in the bracket. 


A gimll slot was made on one side of the bracket and in a 
emill section of the screen to permit the mecsuring orobe to pass 


to elther side of the baffle systex. 


The longitudinal vositions of the dbeffles as reported 


herein (one, four and seven inches from the besinning of the 
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mixing region) refer to the position of the center line of the 


paffle bracket. 


In order te define the centerline of oriasary flow through- 
out the test section, a email diameter steel wire was secured 
about 35 inches upstream of the primary pipe exit, and extended 
throughout the test section to ite open end. One nost of a six 
volt battery was connected to the upstream end of the wire (inside 
the primary pips) and the other a was connected, when needed, 
to the totel head tube shaft. The wire was eo centered that when 
the Venturi shield of the tube touched the wire, the circuit would 
be closed and light a six volt lam, indicating a centered lateral 
position of the total head tube. Calibrations every 0.2 inch on a 
positioning plate then sermitted lateral placement of the rensuring 


tube with ite attached thermocouple. 


Limited adjustment of the test section iteelf about the 
center line of pris=ry flow was made possible by the several test 
section duct supports. Limited vertices] movement of the total head 
tube shaft for adjustment to the center line, as indicated by the 
six volt lam, was accomplished by elotting the opening in the 
mensuring panel and aelleving a smller outer plate, which held the 
packings gland and ite pitot tube, to sove up or down. ‘the static 


pressure tap remained fixed in the four inch sliding panel. 


. v he & ditt boo boeole of 5 
inne boad istod edt to nobtleog 
i Aaninis Benttenes netd etalg yrinotéleog 


sehquononred? hedvatia et! dite edud 


Meta epldpos dace odd to tnareawi! 


20 ‘Dietee odd yl ofdtecca ebm « 


 Beed [nt0d off Yo daemewan Lenitiey b 
“ede CW Bbotsolha! en ,enk!l rtc0e 
edé ai eniaeqe ac? » 
oa? bled dotdw .eteala 
oliate off = .awob ro 


»40n& " ba) 


Sound powered telephone headsets ensbled the operator 
at the test section to communicate with the control panel 


operator. 
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PROCEDURE 


After the equipment hed been made and assembled, joints 
and fittings were tested for leave. The manometers were checked, 


and the fluid levels held steady under a conetant pressure. 


ia order to examine for leaks in the primry piping with 
ite heater box, a rubber cork was ineerted in the end of the primary 
line and the gate valve opened; there was negligible pressure drop 
across the primary measuring orifice even st upstream pressure 
ontnan higher then that to be used during the tests. Hence it was 
concluded that the flow rates calealated from the measuring orifice 


would not have to be corrected for losses. 


The primry orifice plate, being newly constructed for 
this experiment, was cheeked for reliability by comparing velocities 
at the orimary pipe exit: the velocities, as esalealated from center- 
line dynamic vcressure readings at the primry exit, were checked 
ageinet the velocities that should exist if the mes flows, as found 
from the primary orifice readings, were correct. The acreement wae 
within 0.3% percent at the higher velocities and mass flow rates used 
in the sctual investigation, and within 2.7 percent at lower velocities 
and mass flow rates. It shovld be noted that this orifice 


calibration wae made with unheated vrimeary air. 
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MIXING REGION tess 


The initial test using the apparatus was primarily a check 
on serviceability and accuracy of inetrumentetion, the configuration 
being that of isothermal mixing without baffles. A limited number 
of velocity eurveys of the mixing region showed the results to be 
in excellent agreement with that found by other investigators 
(Ref. 4 and 20) so it was concluded that the designed apparatus 


would be satisfactory for the cresent experiments. 


The next two runs (heated primary but no baffles, and 
heated primary with wing baffles at one inch, data for which ie not 
included in this report) ied of temperature and velocity 
surveys across the mixing region at eizht different points along 
the test eection. The temperature and velocity profiles normi to 
she flew were adequate for comparison of remulte, but it was felt 
that more information regarding behavior of centerline flow values 
would be required to satisfactorily depict the relative effective- 
ness of the baffles to be used. Hence, as time did not permit the 
desireble expediency cf increasing the susber of complete flew 
traverses, it waa decided to mike only four traverses normal to 
the flow (one at the beginning of the sixing region, one that 
would be near the presumed potential core, «nd tuo downstream of 
the core), and to increase to twenty the number of centerline 


investigation points. 


Although it would have mde for more uniformity to conduct 


all experimental runs in « eingle day, the number of test 
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configurations made it impossible. Thus the finsl date, as 
reported herein, was obtained during three separate running periods! 
the ao baffles, and the three wing baffle tan three different 
locetione in the teet section) configurations were first tested; 
next the thres runs using the screen-plus-wing baffles, and 

lastly, the three screen baffle runs were mde. Static pressure 
values for the wing baffle and noebeffle configurations were 
rechecked the dey following the actual runs because « more accurate 
inclined manometer for reading static pressures was substituted. 
Agreement with the previous static pressure values wae within the 


aceuracy of the instruments used. 


Before starting the test runs, the engine was warmed up, 
then the acetylene and spark were turned on with the prissry air at 
the mage flow rate to be used for the test. After comoustion was 
initiated and the spark turned off, the acetylene low preseure valve 
was adjusted until the reference thermocouple in the primery line, 
35 inches upstream of the primary exit, reached « steady value 
that experience showed would produce a temperature of about 525 te 
550 degrees F. st the end of the primary pipe. This upstream 
reference temperature was continously read and recorded during 
the tests. A pressure rending of 5 to 6 psi. at the low pressure 
acetylene valve was found necessary to maintaln temperature. 

Some attempts were mede to meter the acetylene throuck « flow 


rator, bat the flow was much too small te be read with available 
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equipment. Sy weighing the acetylene tank before and after 2 run 
it wes found thet, roughly, the mess flow rate of acetylene ms 
only 000115 lbs./sec. ac compared to the average mess flow rate 


of primry air of 0.046 ib./see. 


In order to facilitate adjustment of the primary and 
secondary air flows, a series of curves (for various upstream 
orifice temperatures) of masse rate cof air flow versus the product 
of pressure drop (in inches of water) across the articular 
orifice, times the upstream static pressure at the orifice (in 
inches ef mercury) were plotted. Included on the same plote were 
another series of curves (for various temperatures of the primary 
or secondary flows at the beginning of the test region) of seas 
flow rate versus velocity eat the besinning of the test section. 

A sample of these curves, for standard atmospheric pressure, are 


included in the Appendix as Fige. 19 and 20. 


Fig. Zl, also in the 4ppendix, is an example of the 
curves used to convert dynamic pressure q, in inches of water, to 


flow velocity for various temperatures. 


Meintaining the desired flow rates was not difficult 
because of the relatively lew values used. Althouch 1¢ would Asave 
been much more desirable to run all the tests at hirher flow rates 
then those used, in order to have higher dynamic pressures in the 
test region for better aceuracy in seasurements (six to seven inches 


of water wae the hichest dynamic preseure recorded), it was not 
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possible because of the limitation on the primary air supply. 
Higher mes flow rates would have resulted in inadequate primary 
flow long before a particular run could be completed, with the 
resulting necessity of burner shutdown and wdneenent difficult 
readjustment to the exact flow and heat values prevailing during 
the completed part of the run. As a result, the accuracy of the 
static pressure values, and of the smaller dynamic pressure values, 


is questionable. 


All test runs were made with flow rates, temperatures, 
and initisl velocities as nearly the same as possible, but some 
variations were unavoidable. However, in view of the dimensionless 
character of the finel results obtained, end considering that the 
variations in flow parameters were not excessive, it is felt that 


quelitative comparison of the results is justified. 
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DISCUSSION OF RESULTS 


Locations in the mixing region are defined by the 
éimensionlese coordinates of X/D for posttive distance downstream 
from the primry pipe exit, end ¥/P for distances normal te the 
flow direction, from the zero value at the center of the primary 
pipe. Thue, the station at the boundary of the primary pipe at 


the beginning of the mixing region is x/2 = 0, and ¥/D = 0.5, 


The dynamic pressure readings, with the simultaneous 
temeratare values at the various points in the mixing region, were 
converted te velocity values in ft./sec. Values for primry 
undieturded flow velocities for the various runs were chosen as | 
the values obtained at %/D = 0 and ¥/D 20. These velocities were 
higher by 4.7 percent with heat, but no baffles, end by sae much aa 
9 percent with screen-plus-ewing baffles, than the primery velocities 
ae computed from orifice measurements. The discrepancies were due, 
of course, to the profile of dynamic pressures end temperatures 
existing in the stream at %/D > 0. The profiles of tomers ture and 
velocity for the no-baffle configuration are presented as Fig. &. 
Thst the discrepancies between the predicted and actuel centerline 
velocities were not larger than they were, ia probably due to the 
fact that the primsry flow pipe contained two right engle albows 


in the line between the heater box ond primary exit, which produced 
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some turbulence, with resultant smoothing out of temperatures and 
velocities. The temperature eradient across the wall of the orimery 
pive, where the secondary air was surrounding it, probably accounts 
for mech of the velocity and temerature variations that did exist 
at x/P 20. Also, it is prebeble that the baffles in the flow 
introduced velocity variations upstream toward the beginning of 


the mixing region. 


It is felt that choosing the lesser prisary velocity (as 
predicted from flow rates) rather than the centerline value would 
not have resulted in ae fair » comparison of the various baffied 
econfigerations. Only centerline valuee of velocity and temperature, 
obtained at the six-Yolt center wire position, were measured, 
excerpt at the four %/P stations of ©, 8, 12, and 20. At these 
stations complete traverses were made acrose the flow, readings 


being taken every 0.2 inthe plus « resding at T/P) = 0.5. 


The no-baffle configuration was tested primrily to 
provide e reference for the baffled rune. Hence, the various curves 
obtained are redrawn on the various baffled éextbiaesh stan grephe. 
The data, as recorded and computed, is presented as a sample data 


sheet, Table II (Anpendix). 


The results of the noj-baffle run, however, are interesting 


in the light of conclusions drawn by other investigators. To 
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compare shapes of velocity and temperature profiles normal to flow 
direction, Forrestal and Shapiro (Ref. 4), studying isothermel 
velocity and mse mixing, fully normalized the velocity profiles 
by making plots of the dimensionless ratios of i againat r/ tgs 
and found that these curves remained essentially unch=enced at any 
x/D station beyond the potential core. They farther found thet the 
curves closely resemble 2 cosine curve defined by et: (14 cos, # 
Sven with heated primary air, it can be seen from Fig. 4a that the 
cosine curve is a good comparison with the normalized velocity 
profiles plotted for X/2 = 12 and 20. The divergence of the 
experimental pointes from the theoretical at the greater velues of 
r/r, my be due to the limited accuracy of measurements of the low 
dynamic pressures with resultant difficuity in choosing the correct 


‘. value. 


Similar normalized temperature profilee were also made at 
x/D = 12 and 20, as shown in Fig. 4b. Agreement with the cosine 
eurve ic good, only slight divergence resulting at the greater 
r/r, values. Ruegg and Klug (4ef. 11) found that their temerature 
profiles showed greater divergence from the cesine curve, the 
further downstream the profile wes made, and approached ea 
distribution predicted by Tollmein. The curves shown herein also 


show a greater divergence for the profile at X/2 = 20 than at 12. 


It is interesting to note that the values of r,, obteined 


for the velocity and temperature profiles at 17 and 20, also verify 


the *accersted"® conclusions from other investigators that temperature 
diffuses more repidly than velocity. Thus, ry, (velocity) is 0.5 
and r, (temperature) is 0.8 at X/D = 12, and, et %/D 220, the 


values are 0.7 and 6.91 for velocity and temperature, respectively. 


Axial mixing, in accordance with accented literature, is 
Bat T.<T 

compared by using the dimensionless quantities wore or or with 
the view thet a jet in ea general stream would mix and eventusliy 
approach the properties of the stream. Thus, a value of zero for 
this parameter would indicate 100 percent aixine. Fforrestel and 
Shapiro, for the case of isothermal velocity mixing, found this 
Yatio to have e value of unity up to the end of the potential core, 
indicating no change in centerline velocity, and then a decrease 
in the value of the ratio in inverse proportion ts axial distance 


downstream of the potential core: 1.¢., 


a = by tor 42 7b 


They further concluded that the %/0 velue for the leneth L 
of the potential core can be sporoxiuately expressed as L = 4 4 12d, 
where A is the ratic of secondary to primry velocity. Yor a 
velocity ratio of 0.407, based on centerline value of primary 
velocity for the no-beffle configuration, the equation would give 
Ls 8.9. The experimental value, as determined from Fig. 5, 
extrapolating the curve s¢ a straight line back to the zero 


Sorts value, gives an 2/D at the end of the potential core of 


ar 


4 . 
io npn haan 


aa? na ‘ ae setts ae 


eR wt 0b wth teptente « v0 orem ott gateatorste 


insti tin Xai 00 sg na oovly veolee Aza 


CMe Min Mei Gy -. ow aa: 


about 7.2, a difference of 19 percent. Although neither theory 

nor experimental evidence dictates that the relation between 1 

and A should hold with non-isothermal jets, it wae decided to 

check if the difference between the two values for | could have been 
due to the high centerline primry velocity used in the computation. 
Recalculations of the values of wat » baeced on the average primary 
velocity as determined from the Enewn primary mese flew, were made, 
the velocity ratio then being 0.45. ‘The formle then gives « 

value of 9.4 for lL. The experimental value we found to be 7.6, 
although the curvature of the plot (not included herein) was somewhat 
decreased in the potential core region. The difference between the 
two L values is again 19 percent. Hence, it my be inferred that, 
based on the single non-btaffled run investigated, and comparing 
with isothermal jet studies, the effect of the heated primary air 

is to improve the velocity mixing in an axial direction. ‘this is 
not in accordance with the conclusions of 2uege and Klug Uief. 11) 


who state that the effect of compressibility is to retard mixing. 


PaoT 
The plot of the temperature paraneter, viort » versus X/D, 
as shown in Pig. 6, does not show a well defined potential core 


of tesperature, but rather a gentle curvature between %/¥ = 4 and 10. 


However, straightline extrapolation back to the sero value of . tad * 


p7*s 
indicates an X/P of 7.0 for the end of the potential core. Beyond 


the core, the equation of the variation becomes 
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Thus, the temperature function decreases with X/D increase 
at a rate faster than that predicted by Forestall and Shapiro for 
the isothermal velocity function, where the exponent of the 
corresponding velocity ratio was unity. It should be noted also 
that the value of 7, indicated herein for the temperature 
potential core, is greater than the value of 5.5 which was found by 
Ruege and Klug to exist as a constant value for three of their test 


runs at various velocity ratios. 


STATIC PRESSURES, GENERAL 


Static gage pressures, in inches of water, as initially 
plotted for all test confignrations, produced a wave shaped pattern 
of about 0.25 in. £20 maximam variation from a mean value. 
Subsequent investigation proved the pattern to be the result of 
small variations in test section length as a particular run progressed. 
The variation in the section length was caused by the necessity of 
periodically removing the 12 inch sliding panel at the extreme 
downstream position and placing it at the beginning of the test 
section, as the four inch plate, with its probe and static pressure 


tape was moved downstream. 


In order to remove the wave effect, it was necessary to 
find the effect on etatic pressures due to changing duct length. 
Hence, « Static pressure survey of the mixing region was made with 


only the secondary air flowing, at 2 mass rete corresponding to that 
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used during the test runs. Hessurements of static pressure at a 
single X/D station, as the duct length was varied, gave the required 
correctione. It was found that the corrections required varied with 
the range of duct length chances; varying duct lencth from 72 to 

60 inches, reduced the static pressure 0.276 inches of water, or 

an average of 0.023 in. Ho per inch chenge of duct length. Varying 
the length from 62 to 50 inches gave e correction of 0.0085 in. 

oO per inch change in duct length, and chenging the length from 

50 to 38 inches, produced a change of 0.007 in. Hof per inch 


change of duct length. 


As the range of duct length chonges reouired during the 
tests was in the 72 inch to 60 inch range, ea value of 0.026 in. 
HO per inch change in duct length, from a basic length of 72 inches, 
wae used to correct the test values of static pressure. This value, 
slightly ereater than the 0.025 value determined experimenteily, was 
founé by trial and error to be the best aversaze to remove the wave 
effect from the actuel test rans. ‘The increased value used is 
reasonsble in that the corrections required were proven experimentally 


te be larger for zreater overall lengths of duct length changes. 


Figs. 7, 8, snd 9 are plote of the corrected static 
pressures, in inches of water, versue %// positions, for the baffles 
located at 1, 4, and 7? inches respectively. The pressures for the 
nowbaffie configuration is reproduced on each graph for comparison 


purposes. 
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That a decrease in static pressure at some point in the 
duct should eccur, with a decrease in duct length, is reasonsble. 
With earlier expansion at the duct exit, for the shorter duct 
lengths, there is a slight velocity increase. The corrections 
that would be required to the dynamic pressure values, due to 
ehanging duct length, are emall however, as ean be shown by 
equating mass flows for two different duct lengths. See Sample 
Calealaticons. Henee, dynamic preseures and velocities were not 


correctec for the changing duct length effect. 


An estimated friction drop, due to the duct walis themselves, 
wes obtained from the experimental run with secondary sir only, so 
that any pressure lossee would be due te friction and not from 
mixing. The average drom wae estimated to be .005 to .010 inches 
of water per inch duct length, at test values of secondary mass 
flow. Applying this drop to the overall pressure drop for the no- 
baffle configuration, sives a pressure drop, due to mixing action 
only, of about 6.1 to 0.2 inch H.0. That this is a reasonabdle 
value can be verified by the conservation of momentum equation, 
using average values of primary, secondary, snd mized dynamic 
pressures from the no-baffle configuration test rum. The pressure 
drop, so calculated in the Sample Calculation section, is found 


to be 0.21 inches of water. 


It wes originally intended to correct the static pressures 


for the friction effects so thet the pressure drops would represent 
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losses due to mixing section (and baffles) only. However, in view 
of the limited accuracy of the friction drop, and the resulting 
decrease in the pressure drop for the no-beffled configuration, 

it was decided to ‘record end use pressures in terms of losses due 

to mixing end friction. The doubtful sccuracy of the static 
preseures becsuse of the smell mecnitudes, would not justify using 
the extremely omall pressure differences, due to mixing action only, 
for the no-baffle configuration, in any computations. As explained 
later in this report, the pressure differences between two ufD 


stations were used as 2 divisor in mixing effectiveness calealstions. 


The effects of placing baffles in the mixing region vere 
reflected in the static oressure values, and in the Isteral and 
axial velocity ond temerature distributions. All the runs wers 
made with epproximately the sase secondary and prizsry sass flows, 
{about 1.57 and 0.046 lb. of air ver second, respectively), and the 
resultant dynamic sressares at X%/9 = 0 were comarable. The 
variations thet did exist can be attributed to the higher static 
pressures st the zero position when the bafflee were in the duct: 
® rige in static pressure upstream of « baffle would have to be 
accompanied by a corresponding decrease in the average dynamic 
pressure, providing equal mass flows produce equivalent total 


pressure levels. 
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It is not believed that flow reversal occurred at any 
point in the test section where readings were teken, because the 
dynamic pressure values never approached gero. A thin metal rod, 
with wool tufte attached, was probed into the mixing region at 
various pointe, before and aft of the baffles, to allow the tufts 
to align themselves with the streamlines. Flow disturbances, while 
obviously existent from the Dehavior of the fluctuating tufts, were 
not producing any noticeable flow reversals. Soetation of the pitet 
tube, to a position not aligned with the duct axis showed a | 
areater dynamic pressure, in seversl inetancee, when the wing- 
baffles were being tested. Thies increase wae probably due to tip. 
vortices caused by the wings. All dynamic pressures recorded however, 
were for the pitet axie parallel with the duct axis, 1i.¢., pointing 


inte the supposed flow direction. 


BAFFLED CONFIGURATIONS..LATERAL VELOOITY DISTRIBUTION 


Comparison of velocity distributions normal to the flow 
are not particularly riuastion because the velocity levels at a 
particuler 4/D station differed widely with the beffle configurations; 
for examle, the screen-plus-wins baffle, located at X/D = 4, shows 
a centerline velocity of only 94 ft./sec. at 3/D s 12, while the 
sereen-baffle has 126 ft./sec., the wing-beffle 132 ft./sec., and 
the no-baffle confieuration, 160 ft./sec., at the same X/2 = 12 


poeition. (See Fiz. 10a) hie ia beesuse the velocity mixing effect 
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prior to station x/D 2 12 hae been very pronounced, particularly 
for the screen configurations (with their large pressure drop). 
Thus, it is not possible to say which baffle errangemont wuld give 
the best lateral velocity mixin, given the same initial velocities 


at the same ¥/D stetion. 


If normalicing the profiles, as previously deecribed, 
provides a fair basis for comparison, then, from Fig. lle, the 
wing baffle at X/R = 4 configuration can be considered to give the 
beet mixing, because the eteener the curve, the faster is the 
approach to s mixed condition. Due to the velocity fluctuations 
in the sereen-plus-wins baffle confieuration, it wae not feasible 


to normalize that profile. 


in an effort to better compere the transverse mixing, 

Fig. 12 is presented. A normalized velocity profile for one each 
of the three baffles tested are shown. The values of the center- 
line velocities and secondary velocities were spproximtely 170 and 
90 ft./sec. respectively, for each of the tests at the X/D stations 
noted. ‘The profiles are at an X/P of 12 for the screen-baffle at 
ae inches, at 1° for the wing-baffles at one inch, and at eight 
for the screen-plus-ving baffles «t four inches. ‘the wing 
configuration appears to give a more uniform and initisily faster 
approach to the mixed condition, while the two other baffle types 


approach the fully mixed condition at a smaller value of r/rm 
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Thas, velocity gradients for the screen and screen-plus-wing baffles 


would be greater. 


For information, the following table gives the mximaum 
velocity at the indiceted %/P? stations, expressed as a mitiplier 


of the minimum velocity at the same X/D, for the various runs: 


x/D = 8 x/p = 12 


a 
Sereens 1.21 1.18 1.13 


BAFFLED CONFI GURATIGHS.~LATEAAL TEMPERATURE DISTRIBUTION 


Comparison of temperature profiles are also difficult 
because of the temerature levels at s particular 4/9. Fig. 1% (b), 
shows the actual profiles at £/D > 12, with the three baffles 
located at X/D > 4. Comperison with the no-baffle curve, also 
shown, indicates that, of the baffled rans, only the wing-daffie 
produced a uniform mixing tendency. The screen configuration, dus 
to poorer axiel temperature aixing upstream of %/D = 12, shows a 
centerline temeratare almost 140° ¥, higher than the ne-baffle 
configuration, while the screen-plus-wing baffle run produced a 


temperature, at ¥/D > 0.4, higher than ite centerline value. This 
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seme result wee noticed in the two other screen-plus-wing baffle 
rans, but the reason for the variation is not clear. If it were 
gue to the tip vortices from the wings, one would expect to find a 
similar temperature increase amy from the axis when the wing: were 
tested alone. However, this effect was found to a minor degree ia 
only one run using the wine-baffles slone. ‘This was at £/D stations 
of 8 and 12, with the bafflee located ot 4/2 57. If the higher 
temperature had been found et « lesser value of Y¥/D, the discrepancy 
could have been ettribated te malepositioning of the probe, but it 
is not very likely thet an error of 0.3 to 0.4 of an inch in ¥/D 
positioning of the probe could heve been conslatently made for the 


three screen-plus-wing rans. 


Bormaliced temperature profiles for the wing-baffles and 
sereen-baffles at 4 inches, are shown in Fig. lib. Good agreement 
with the cosine curve is noted at the sasller r/Tq valuss. At the 
larger values, the curve for the wing-baffles snpronches the aixed 
condition faster than the cosine curve, while the screen conficuration 


shows a slower approach te the zero temperatare difference ratio. 


It appenare thet the effect of the screens is to equalize 
the pressures neross the test section, while having little effect 
on the temperatures. Thus, the velocities, being proportional to 
the squere root of the dynamic pressures and to the first power of 


absolute temperatures, ere quickly equalized. 


= 
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BAPFLED CORFIGURATIONS.-AZIAL VELOCITY DISTRIBUTION 


Pigs. 5, 13, and 14 are log-log plots of the velocity 
parameter 5°38 veraus X/D position, for the various runs, with 
the baffles located at X/P = 1, 4 and 7 respectively. The no- 
baffle curve is shown on each graph for comerison. In all cases, 
the bafflee improve velocity mixing as compared to the no-baffle 
ran. The location ef the end of the potential core was greatly 
influenced by the position of the baffles, especially when the 
screen or ecreen-plus-wings were used. It is noted that the curves 
begin to diverge from the near unity value of at about one 
inch apstream of the baffle location for either screen-type baffle, 
and atout one inch downstream of the baffle location for the wing- 
baffle configuration. In other words, the wings sre not as effective 
in promoting velocity mixing if the large »reseure losses inherent 
with the screen arrangements are not considered. The sereen=plus- 
wine baffle rans approach the mixed esndition more quickly than 
any of the other runs. ‘he curves are much more regular for the 
wingebaffles, and beyond the potential core the rate of decrease 
of Bens , with increase in x/D, is very nearly the seme ae for 


S 
the no-baffle configuration. ‘The wing-baffles seem to shorten the 


potential core and then permit normal mixing to occur. 


Correlation of the pressure drops with the percent 
mixing attained, will be discussed after the axial temerature 


distribution is considered. 
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SAPFLED RUNSWeAAIAL TEMPERATURE DISTRIBUTION 


Pies. 6, 15, and 16 are log-loe plots of oa versus 
x/D for the three baffle tyres located at X/D Ss 1, 4, and 7 
respectively. Amin the curve for the no-deffle run is included 


for comparison. 


Here, the only baffle at 211 effective in bringing the 
streams to a common temperature is the wins conficurstion at all 
three keaethiies used. With the baffles at X/P = 7, the mixing 
action is only slightly better than the no-baffle arrangement, and 
loested at x/D = land 4, the effect of the wing-baffles appears 


nearly equal, but considerably better than the nowbeffle run. 


An interesting trend is noticed when the screen-plus-ewing 
baffle curves are compared with the sereen alone curves. In all 
three baffle locations, the sereen-plus-wing arrangement shows an 
initial attempt to ¢ive good temperature mixine, probably due to 
the action of tne wings. Hewever, at about six inches after tie 
baffle position in each ease, the beneficial action of the wings 
appears to die out, and the decrease of the ie parameter is 
practically stopped until the curves seet the ecreen-baffis curve 
at about an Z/D of 30. Thie my be regarded ae further evidence of 
the beneficial action of the wings in vrometinge temperature mixing, 
and of the poor action of the screens in even allowing normal 


temperature mixing to preceed. 
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No reasonable explanation hee been found for the apparent 
effect of the screens, in actually retarding axial temperature 


mixing, when compered te the no-baffle configuration. 


In order to qualitatively correlate the mixing attained 
at o particular X/D station, at the expense of pressure drop resulting 
for the various conficurations, a "mixing effeetiveness*® oarancter 
has been devised. This narameter my be defined as the ratio of the 
percent axial mixing attained, at 2 particuler X/D station, to the 
static pressure drop at that X/5 position. The mixing attained is 
based on centerline approech of the primary stream velocity or 
temperature to the secondary stream velocity or temperature; i.@., 


Ta<T 
percent oixing attained = : 1 ~ Ben-%a | 100 or {1 ~ pas | 100. 
i tea | p7*s 


The pressure drops at a particular X/D station are taken 
as the difference between the corrected static pressure at X/D = 0 
and the corrected static pressure at the particuler %/D. Division 
by the primary air dynamic pressure value at I/D = 0, Y¥/P = 0, 
makes the pressure drops dimensionless and comparable. Figs. 7, 
8, and 9 are plote of the static pressures corrected for changing 
duct length, ae previously described, versus X/2 position, for the 


deffles leeated at 1, 4, and 7 X/P stations respectively. 


Table I is 2 tabulation of the percent centerline mixing 


as read from the faired curves of Figs. 5, 13, and 14 for velocity, 
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ané from Pigs. 6 15, and 16 for tempernture. The pressure drops 
recorded are the valuee read from the curves of Figs. 7, 8 and 9. 
the values of the “mixing effectiveness" parameter, aa then computed 
end tabulated in the table, are shown in Fig. 17 for velocity and 


Fig. 18 for temeratures, for various X/P stations. 


Due to the large pressure drops resulting from use of the 
screen configurations, these baffles produced very low values of 
the mixing parameter for both velocity and temerature aixing. 
Their values are not individually plotted, but are shown as a range 
of values on the graphs. 


The no-baffie configuration naturally shows « relatively 


high valne of mixing effectiveness, due te the low values of pressure 


drop. 


The wing-baffles, located at X/D = 4, 19 the only baffle 
conficuration that makes sa better showing than the no~baffle run. 
The wing-baffle at X/D = 1 produced too high a static pressure at 
the sero position with resulting greater drop, and the wings at 
x/D = 7 position, while having preseure drops comparable to the 
wings at X/D = 4 position, wee too slow in giving a good velue for 


centerline mixing. 


It is noted that, as far ae velocity mixing is concerned, 
the wing-baffles, at X/P = 4, gives hicher values of “mixing 
effectiveness" than any other configuration, including the no- 


baffle run, between the X/P positions of 8 and 13. As short duct 
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length with sdequate mixing is desirable in practical mixing 
applications, it may be inferred that the wine~baffles can prove 
advantageous in reducing mixing chamber length without producing 


excessive pregsure leeses. 


Inspection of Fig. 18, the mixing effectiveness curve 
for temperature mixing, shows that none of the baffled runs sre 
es effective ne the no-baffle arrangement except between X/D values 
of S$ and 9. In thie narrow range, the wing-baffle, located at 
xj/D = 4, bas the higher mixing effectiveness value because of the 
acter potential core of temperature. Yeyond station 9, the 
pressure drop associated with the baffle, allows the no-baffle run 


to display the highest mixine effectiveness values. 


Inspection of the static oressure carves for the wing- 
baffle configurations showe that the large pressure drop immediately 
downstream of the baffle ies partially recovered within two inches 
aft of the baffle location, and that the pressure rise ahead of the 
baffle is at ita lowest value about one inch ahead of the baffle. 
Thus, if the wing-baffies were located at an Z/D of about 2, the 
potential core would be shortened from the value at the 4/P = 4 
baffle location, to a value near to that attained with the baffles 
at x/b = 1. ‘The mixing attained at the lower value of X/D would 
be correspondingly increased, and the difference between initial 
static pressure and pressure at X/D stations of % or 4 and beyond, 


would not be excessive. Hence, ving-daffles located at an X/P of 
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about 2 would probably show conelderably better mixing effectiveness 
values at the smaller, more important 3/1 stations, than the no- 


baffle configuration. 


Obviously, the individual vulues of mixine effectiveness 
as reported herein, ere of no quantitative value. The fact that 
the magnitudes of stetic pressures as seanured were so small, and 
of questionable accuracy, pleces considerable doubt on even the 
relative wmeenitudes ef corrected pressure differences. Division by 
the difference of two already small numbers, as recuired in the 
mixing effectiveness calculations, is not conducive to accurate and 
really comparable resulte. A auch higher tetal pressure level for 
running the teste would be required to preduce true, recroducible 
values for pressure losses. Such higher pressure levels were not 
attainable with the available equirment, as exminzined in the 


Procedure section. 


In practical applications, a more realistic "mizing 
effectiveness" paraaster should give more weight to mizing attained 
at amall X/D values, and less weight to the preseure drone 
resulting, depending on the losses that can be tolerated in order 
to ettein short mixing chambers. It is believed thet the wine type 
baffle configuration, however, has been proven to be worthy of 


further study and investigation. 
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COHCLUSIONS ASD ANCOMMENDATICONS 


Temperature and velocity surveys of the mixing region 
formed by m cold air stream, surrounding and concentric with a hot 
gas stream, under steady flow conditions, have been conducted. 

Three different baffle arrangements, each tested independently at 
three positions in the mixing region, are compared with a non- 
baffled configuration as to temmersture and velocity mixing effective- 
ness. ‘The average velocity ratio of escondary stream (cold) to 
prisery stream (hot), during the teste wae sbout 0.4, at a Keynolds 
number of 57,000, based on the primery flow orifice diameter of 


one inch. 


In terms of the approach of centerline velocity velues 
to the velocity of the surrounding secondary stream, the screen 
baffles and the wing-plus-sereen baffles, produced the best velocity 
mixing, if the resultant static pressure losses are ignored. In 


terms of a "mixing effectiveness® parameter, be (1 ~ Bertg)100 
Pia 


7 


which is defined as the ratio of the centerline mixing attained to 

a dimensionless pressure drop required, the stub wing baffles, located 
four inches from the teginning of the mixing region, is the only 
baffle arrangement to give a higher value of mixing effectiveness 

than the no-baffle configuration. These hischer values occur at 

the smaller %/D values, the dimensionless distance from the beginning 


of the mixing rezion. 


using stub wing “turbulence promoters" be mde. Zelocation of the 


baffles to an X/D of 2, variation of angle of attack of the wings 
from the ten degrees used, and variation in the span of the wings 


might well produce better mixing with a smaller pressure drop than 
was found in this investigation. 
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SAMPLE CALCULATIONS 


Maas Hate of Afr Flow 

She equation used to determine mase rate of air flow, for the 

primary end sseondary orifices, was? 
¥ 2 0.668 Ay mary f ar (See Ref, 19). 

where 
@ >= Mase flow in lb. per aac. 

4. = Throat area in squere inch. 
Es Plow Goefficient, baeed on tyne of pressure taps, 
Reynold's Humber, pipe diameter, and orifice diameter. 
B= fren multiplier for thermal exnaneion of the orifice 
plate. 
Y¥ = Sepiries! excansion factor. 
f = Upstream density of flowing air. 
p = Preesure drep eerose the orifice plinte in psi. 

Yor the primary orifice, measuring pressure P in in. Hg.» 4P in 
in. HoO, and T in degrees Bankine, the mise flow equation 
becomes: rir 
Ws .07384 jf 

Siailarly for the secondary erifice, the squstion is: 
we 2,62 7 DPR 


2 


Velocity Determination 
Dynamic pressure, q, = +/ vy’; expressing « in inches Hod, pressure 


p in inches fz., temperature 7 in 9%, the velocity in ft. per 


eec., becomes! u = 15.87 ree 


SPARE ah acs v eeilieioer <8 reaver el¢ 
Za \t WR =u teeneond ».on8 


Ge 


4. 


- 72 - 


Dynamic pressure error due to changing duct length: 

Given, from exerimentsl determination: 

For duct length of 72 inches, 
absolute static pressure, at X/D 210, % 407.6 in. Ho0. 
dynamic pressure q, at X/D = 10, % 1.7 in. Hod. 

For duct length of 62 inches, 
absolute static pressure, at X/D = 10, $ 407.3, ins Ho. 

Find dynamic pressure, q, at X/P = 10. 

Bouating mase rates of air flow, and expressing velocity in 
terms of q, and density in terms of p, 3, and T, there is 
obtained: GepPgo = GpaPzoe remembering that R, fT, and 
A, cross-sectional duct area, remin unchanged as duct 
length is changed. 

Substituting experimental velues for Ggov Pype 8nd Peo» the 


dynamic pressure, Geo, ist 2.7%. 407.6 “S 1.7 in. H20_ 
407.3 


That ie, negligible error is introduced into dynamic 


pressures and velocities by changing duct lengths. 


Theoretical pressure drop due to mixing: 
From conservation of momentum? p t fr® zp # 2q 
Or, in terme of experimental areas in in.”, and letting 
subscripts 1 and 2 refer to states before and after 


mixing, subscript p for primary, and « for secondary: 


l- ) 2 (785) =r ’ 
(py # 20,,)¢ 2288 # (py # 203.) 2268 Po I 


Pe \ a. eee, 


f r 
hae % 


s 7 a © 
eo ree) EH". 
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Rearranging and eimplifying: 

P, - Pos 24g ~ 1.95q,, - 9.045q),, 

Subetituting average experimental velues for the no- 
baffle configurations qo = 1.8, Qis = 1.6, and Vp = 5.90, 
{all in inches of water), and solving for the pressure 


drop due to mixing. 


Py > Po o 0-21 in. 8,0. 


5. Reynold’ s Nomber Caleulation: 
Byes ft ’ where f is density of primary air, upstrean of 
orifice, ¥ is velocity of primary air through primry 


orifice area, L is dismeter of primary orifice, and M# is 


viscosity = ny ARaA8Ge 


Svliving for Ry, the value is 57,000. 
This yelue checks aceurately the value found using the 


chert in Sef. 19. 
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Thesis 
U24 Ulrich 
An investigation of 
the effectiveness of 
baffles in promoting 
mixing of a hot gas 
with cold air under 
steady flow conditions. 
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